General processing methods
Different types of colloids can be used to produce polymers or particles from which we can obtain a ceramic material: for example, sols (suspensions of solid particles in a liquid), aerosols (suspensions of particles in a gas) or emulsions (suspensions of liquid droplets in another liquid). The sol-gel chemistry is based on the hydrolysis and polycondensation of molecular precursors such as metal alkoxides M(OR)x, where M = Si, Sn, Ti, Zr, Al, Mo, V, W, Ce and so forth. The following sequence of reactivity is usually found as Si(OR) 4 << Sn(OR) 4 = Ti(OR) 4 < Zr(OR) 4 = Ce(OR) 4 (Novak, B.M.,1993 ) . Fig. 1 presents a schema of the procedures which one could follow within the scope of sol-gel processing. In the sol-gel process, the precursors for the preparation of a colloid consist of a metal or metalloid element surrounded by various ligands. A list of the most commonly used alkoxy ligands is presented in Tab. 1. 
Alkyl

Hydrolysis and condensation
The alkoxydes used as ligands can be organometallic compounds, where direct metalcarbon bonds are present, or also members of the family or metalloid atoms, the so called metal alkoxydes, among which the most widely known, as it has been extensively studied, is the silicon tetraethoxide (or tetrathoxy-silane, or tetraethyl orthosilicate, TEOS), Si(OC 2 H 5 ) 4 . Silicate gels are most often synthesized by hydrolyzing monomeric, tetrafunctional alkoxide precursors employing a mineral acid (e.g., HCl) or base (e.g. NH 3 ) as a catalyst. At the functional group level, the sol-gel process starts with the following reaction: Hydrolysis Si(OR) 4 + H 2 O → OH-Si(OR) 3 + ROH (1) Esterification which can even be stopped while the metal is only partially hydrolyzed, Si(OR) 4-n (OH) n . Then, two partially hydrolyzed molecules can link together in a condensation reaction, such as one of the following: where R is an alkyl group, C x H 2x+1 . The hydrolysis reaction (eq. 1) replaces alkoxide group (OR) with hydroxyl group (OH). Subsequent condensation reactions involving the silanol group produce siloxane bonds (Si-O-Si) and the by-products alcohol (ROH) (eq. 2) or water (eq. 3). Under most conditions, condensation starts (eqs. 2 and 3) before hydrolysis (eq. 1) is complete. A solvent such as an alcohol is normally used as a homogenizing agent, as water and alkoxysilanes are immiscible (Fig. 2) . However, a gel can be prepared from silicon alkoxide-water mixtures without adding a solvent (Avnir & Kaufman, 1987) , since the alcohol produced as the by-product of the hydrolysis reaction is sufficient to homogenize the initially phase separated system. It should be noted that the alcohol is not simply a solvent. As indicated by the reverse of eqs. 1 and 2, it can participate in esterification or alcoholysis reactions. Fig. 2 . TEOS , H 2 O, Synasol (95% EtOH, 5% water ) ternary-phase diagram at 25°C . For pure ethanol the miscibility line is slightly shifted to the right (Cologan & Setterstrom, 1946) .
The H 2 O:Si molar ratio (r) in eq. 1 has been made to vary from less than one to over 50, and the concentration of acid or bases from less than 0.01 (Brinker et al., 1982) to 7M (Stober et al., 1968) depending on the desired end product. Typical gel-synthesis procedures used to produce bulk gels, films, fibres, and powders are listed in Tab 2. Hydrolysis occurs by the nucleophilic attack of the oxygen contained in water on the silicon atom as shown by the reaction of isotopically labelled water with TEOS that produces only unlabelled alcohol in both acid-base-catalyzed systems (Voronkov & et al., 1978) . Hydrolysis is facilitated in the presence of homogenizing agents (alcohols, dioxane, THF, acetone, etc.) that are especially beneficial in promoting the hydrolysis of silanes containing bulk organic or alkoxy ligands. It should be emphasized, however, that the addition of solvents may promote esterification or depolymerization reactions according to the reverse of eqs. 1 and 2. Table 2 . Sol-gel Silicate compositions for bulk gels, fibres, film and powder.
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The Hydrolysis is more rapid and complete when catalysts are employed (Voronkov et al., 1978) . Although mineral acids or ammonia are most generally used in sol-gel processing, other known catalysts are acetic acid, KOH, amines , KF, HF, titanium alkoxides, and vanadium alkoxides and oxides (Voronkov et al , 1978) . In the literature mineral acids are reported to be more effective catalysts than the equivalent base concentrations. However, neither the increasing acid of silanol groups with the extent of hydrolysis and condensation (Keefer, 1984) nor the generation of unhydrolyzed monomers via base-catalyzed alcoholic or hydrolytic depolymerization processes have generally been taken into account. Aelion et al., (1950a Aelion et al., ( , 1950b investigated the hydrolysis of TEOS under acid and basic conditions using several cosolvents: ethanol, methanol, and dioxane. The extent of hydrolysis (eq. 1) was determined by distillation of the ethanol by-product. Karl Fischer titration was used to follow the consumption of water by hydrolysis (eq.1) and its production by condensation (eq.3). Aelion et al. observed that the rate and extent of the hydrolysis reaction was mostly influenced by the strength and concentration of the acid or base catalyst. As under acid conditions, the hydrolysis of TEOS in base media was a function of the catalyst concentration (Aelion et al., 1950a (Aelion et al., , 1950b . Steric (spatial) factors exert the greatest effect on the hydrolytic stability of organoxysilanes (Voronkov et al., 1978) . Any complication of the alkoxy group delays the hydrolysis of alkoxysilanes, but the hydrolysis rate is lowered at most by the branched alkoxy group (Voronkov et al., 1978) . The effects of alkyl length and the degree of branching observed by (Aelion et al., 1950a (Aelion et al., , 1950b are illustrated in Tab. 3 for the hydrolysis of tetralkoxysilanes. Table 3 . Rate constant k for acid hydrolysis of tetralkoxysilanes (RO) 4 Si at 20°C Fig. 3 compares the hydrolysis of TEOS and TMOS under acid and basic conditions. The delaying effect of the bulkier ethoxide group is clearly evident. According to (Voronkov et al., 1978) in the case of mixed alkoxides, (RO) x (R'O) 4-x Si where R'O is a higher (larger) alkoxy group than RO, if the R'O has a normal (i.e. linear) structure, its retarding effect on the hydrolysis rate is manifest only when x= 0 or 1. If R'O is branched, its delaying effect is evident even when x= 2. The hydrolysis of the n-propoxide group was observed to be slower than the ethoxide group during the second hydrolysis step under both acid and basic conditions. This result suggests that a delaying effect of a higher, normal alkoxide group is realized regardless of the extent of substitution. The substitution of one alkyl group with alkoxy groups increases the electron density on the silicon. Conversely, hydrolysis (substitution of OH for OR ) or condensation (substitution of OSi for OR or OH) decreases the electron density on the silicon Fig. 4 . Inductive effects are evident from investigations on the hydrolysis of methylethoxysilanes (Schimdt et al., 1984) , (CH 3 ) x (C 2 H 5 O) 4-x Si where x varies from 0 to 3. Fig. 5 shows that under acidic (HCl) conditions, the hydrolysis rate increases with the degree of substitution x, of electronproviding alkyl group, whereas under basic (NH 3 ) conditions the reverse trend is clearly observed. Fig. 4 . Inductive effects of substituents attached to silicon,R, OR, OH or OSi (Brinker, 1988) Fig. 5 also shows the accelerating effect of methoxide substitution on the hydrolysis rate (TMOS versus TEOS). The acceleration and retardation of hydrolysis with increasing x under acid and basic conditions respectively, suggest that the hydrolysis mechanism is sensitive to inductive effects and is apparently unaffected by the extent of alkyl substitution. Because increased stability of the transition state will increase the reaction rate, the inductive effects are evident for positively and negatively charged transition states or intermediates under acid and basic conditions respectively. This reasoning leads to the hypothesis that under acid conditions, the hydrolysis rate decreases with each subsequent hydrolysis step (electron withdrawing), whereas under basic conditions the increased electron-withdrawing capabilities of OH (and OSi) compared to OR may establish a condition in which each subsequent hydrolysis step occurs more quickly as hydrolysis and condensation proceed. (Shih et al., 1987) From the standpoint of organically modified alkoxysilanes, R x Si(OR) 4-x , the inductive effects indicate that acid-catalyzed conditions are preferable (Schimdt et al., 1984) , since acids are effective in promoting hydrolysis both when x=0 and x>0. As indicated in Tab. 2, the h y d r o l y s i s r e a c t i o n h a s b e e n p e r f o r m e d w i t h r v a l u e s r a n g i n g f r o m < 1 t o o v e r 2 5 depending on the desired polysilicate product, for example, fibers, bulk gel or colloidal particles. From eq. 1, an increased value of r is expected to promote the hydrolysis reaction. (Aelion et al., 1950a (Aelion et al., , 1950b found the acid-caltayzed hydrolysis of TEOS to be first-order in [H 2 O]; however, they observed an apparent zero-order dependence of the water concentration under base-catalyzed conditions. As explained, this is probably due to the production of monomers by siloxane bond hydrolysis and redistribution reactions. Solvents are usually added to prevent liquid-liquid phase separation during the initial stages of the hydrolysis reaction and to control the concentrations of silicate and water that influence the gelation kinetics. More recently, the effects of solvents have been studied primarily in the context of drying control chemical additives (DCCA) used as cosolvents with alcohol in order to facilitate rapid drying of monolithic gels without cracking (Hench et al., 1986) . Solvents can be classified as polar or nonpolar and as protic or aprotic . The dipole moment of a solvent determines the length over which the charge of one species can be "felt" by surrounding species. The lower the dipole moment, the larger this length becomes. This is important in electrostatically stabilized systems and when considering the distance over which a charged catalytic species, for example an OH -nucleophile or H 3 O + electrophile, is attracted to or repelled from potential reaction sites, depending on their charge. The availability of labile protons determines whether anions or cations are solvated more strongly through hydrogen bonding. Because hydrolysis is catalyzed either by hydroxyl (pH>7) or hydronium ions (pH<7), solvent molecules that hydrogen bonds to hydroxyl or hydronium ions reduce the catalytic activity under basic or acid conditions respectively. Therefore, aprotic solvents that do not form a hydrogen bond to hydroxyl ions have the effect of making hydroxyl ions more nucleophilic, whereas protic solvents make hydronium ions more electrophilic (Morrison & Boyd, 1966) . Hydrogen bonding may also influence the hydrolysis mechanism, hydrogen bonding with the solvent can sufficiently activate weak leaving group to realize a bimolecolar, nucleophilic (S N 2-Si) reaction mechanism (Voronkov et al., 1978) . The availability of labile protons also influences the extent of the reverse reactions, reesterification (reverse eq. 1) or siloxane bond alcoholysis or hydrolysis (reverse of eqs. 2 and 3). Aprotic solvents do not participate in reverse reactions such as reesterification or hydrolysis, because they lack a sufficiently electrophilic proton and are unable to be deprotonated to form sufficiently strong nucleophiles (OH -or OR -) necessary for reaction 4. Therefore compared to alcohol or water, aprotic solvents such as THF or dioxane are considerably more "inert" (they do not formally take part in sol-gel processing reactions), they may influence reaction kinetics by increasing the strength of nucleophiles or decreasing the strength of electrophiles.
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Gelation
Clusters resulting from the hydrolysis and condensation reactions eventually collide and link together into a gel, which is often defined as "strong" or "weak" according to whether the bonds connecting the solid phase are permanent or reversible; however, as noted by (Flory, 1974) , the difference between weak and strong ones is a matter of time scale. Even covalent siloxane bonds in silica gel can be cleaved, allowing the gel to exhibit a slow and irreversible (viscous) deformation. Thus the chemical reactions that bring about gelation continue long beyond the gelation point, permitting flow and producing gradual changes in the structure and properties of the gel. The outline of the aging of a gel is as follows:
Kinetic model The simplest picture of gelation is that clusters grow by condensation of polymers or aggregation of particles until the clusters collide; then, links form between the clusters to produce a single giant cluster that is called gel. When the gel forms, many clusters will be present in the sol phase, entangled in but not attached to the spanning cluster; with time,
they progressively become connected to the network and the stiffness of the gel will increase. The gel appears when the last link is formed between two large clusters to create the spanning cluster. This bond is no different from innumerable others that form before and after the gel point, except that it is responsible for the onset of elasticity by creating a continuous solid network. The sudden change in rheological behaviour is generally used to identify the gel point in a crude way. The classic theory explains the theory developed by Flory (1953) and Stockmayer (1945) to account for the gel point and the molecular-weight distribution in the sol. The most important deficency of this model is that it neglects the formation of closed loops within the growing clusters, and this leads to unrealistic predictions about the geometry of the polymers. The percolation theory offers a description that does not exclude the formation of closed loops and so does not predict a divergent density for large clusters. The disadvantage of the theory is that it generally does not lead to analytical solutions for such properties as the percolation threshold or the size distribution of polymers. However, these features can be determined with great accuracy from computer simulations, and the results are often quite different from the predictions of the classical theory. Excellent reviews of percolation theory and its relation to gelation have been written by Zallen (1983 ) and Stauffer et al. (1982) ; and the kinetic models are based on Smoluchowski' s analysis of the growth and aggregation of clusters. The Smoluchowski equation describes the rate at which the number, n s , of clusters of size s changes with time t, during an aggregation process :
The coagulation kernel, K(i,j) is the rate coefficient for aggregation of a cluster of size i with another and of size j. The first term in eq. 5 gives the rate of creation of size s by aggregation of two smaller clusters, and the second term gives the rate at which clusters of size s are eliminated by further aggregation. For this equation to apply, the sol must be so diluted that collisions between more than two clusters can be neglected, and the clusters must be free to diffuse so that the collisions occur at random. Further, since K depends only on i and j, ignoring the range of structures that could be present in a cluster of a given size, this is a mean-field analysis that replaces structural details with averages.
Drying
The drying of a porous material is a process which can be divided into several stages. At first the body shrinks by an amount equal to that volume of the evaporated liquid and the liquid-vapor interface remains at the exterior surface of the body. The second stage begins when the body becomes too stiff to shrink and the liquid recedes into the interior, leaving air-filled pores near the surface. Even as air invades the pores, a continuous liquid film supports flow to the exterior, so evaporation continues to occur from the surface of the body. Eventually, the liquid becomes isolated into pockets and drying can proceed only by evaporation of the liquid within the body and diffusion of the vapor to the outside. In the specialized literature the factors affecting stress development are discussed and various strategies to avoid warping and cracking are described. The outline is as follows:
The first stage of drying is called the constant rate period (CRP), because the rate of evaporation per unit area of the drying surface is uniform (Fortes & Okos, 1980; Macey, 1942; Moore, 1961) . The evaporation rate is close to that of an open dish of liquid, as indicated by the data for the drying of alumina gel (Dwivedi, 1986) , shown in Fig. 6 . The rate may differ slightly, depending on the texture of the surface. For example, as sand beds dry, the water conforms to the shapes of the particles, so the wet area is larger than the planar one pertaining to the surface of the body, and the rate of evaporation is correspondingly higher (Ceaglske & Hougen, 1937) . The distribution of a spreading liquid is illustrated schematically in Fig.6 . The chemical potential, µ, of the liquid in the adsorbed film is equal to the one under the concave meniscus, otherwise liquid would flow from one to the other to balance the potential. The chemical potential µ is lower than bulk liquid because of disjoining and capillary forces, therefore the vapour pressure (p v ) decreases according to:
where p 0 is the vapour pressure of bulk liquid, R g is the ideal gas constant, T is the temperature and Δµ is the increment of the chemical potential. The rate of evaporation, V E , is proportional to the difference between p v and the ambient vapour pressure, p A :
where k is a coefficient that depends on the design of the drying chamber, draft rate, etc. It appears reasonable to conclude that the surface of the body must be covered with a film of liquid (as in Fig. 6a ), because the rate would decrease as the body shrinks if evaporation occurrs only from the menisci, Fig. 6b . 
Experimental procedures
3.1 Sol-gel synthesis of organic -inorganic hybrid materials Hybrid organic-inorganic biomaterials were prepared by means of a sol-gel process from an analytical reagent grade of metal alkoxides M(OR) x , in an ethanol, organic polymer like poli-ε-caprolactone (PCL Mw = 65,000), water and solvent (CHCl 3 ) mixture. Water, diluted with ethanol was added to the solution under a vigorous stirring. A flow-chart of hybrids (MO 2 + PCL x wt%) can show the synthesis by the sol-gel method. MO 2 /PCL, all mixed with drugs (y wt%), were also prepared by using an analytical reagent grade as a precursor material. In this study SiO 2 /PCL (PCL 0, 6, 12, 50 wt%) materials were used as support matrices for controlled drug release. Silica gel, originally developed for engineering applications, is also currently being studied as a polymer for the entrapment and sustained release of drugs (Teoli et al., 2006) . In the present study the sol-gel method was applied to encapsulate Ketoprofen (5, 10, 15 wt%) as a model drug. The drug loaded amorphous bioactive materials were studied in terms of their drug release kinetics The hybrid inorganic-organic materials (PCL 0, 6, 12, 50 wt%) were prepared by means of sol-gel process from an analytical reagent grade of tetraethyl orthosilicate (TEOS) in an ethanol, poly-ε-caprolactone (PCL ), water, and chloroform (CHCl 3 ) mixture. Water, diluted with ethanol was added to the solution under vigorous stirring. Fig. 7 shows the flow chart of hybrid (SiO 2 + %PCL + %Ketoprofen) synthesis by the sol-gel method. As it is shown in the same Fig. 7 , SiO 2 /PCL (PCL 0, 6, 12, 50 wt%) all mixed with ketoprofen (5, 10, 15 %) were prepared by using an analytical reagent grade as precursor material. After the addition of each reactant the solution was stirred and the resulting sols were uniform and homogeneous. The gelification time was controlled by varying the concentration of PCL, as shown in Tab. 4. After gelification the gels were air dried at 50°C for 24h to remove the residual solvent; as this treatment does not modify the stability of ketoprofen, glassy pieces were obtained (Fig. 8) . Discs with a diameter of 13 mm and a thickness of 2 mm were obtained by pressing a fine (<125 µm) gel powder into a cylindrical holder. Chromatographic experiments were carried out on a Shimadzu HPLC system, equipped with a Class-VP 5.0 software, an UV spectrophotometric detector SPD-10AVvp and two pumps LC-10ADvp, with low-pressure gradient systems. Samples of solutions were injected by a syringe via a Rheodyne loop injector; the loop volume was 20 µl, the analytical column was a Phenomenex C18 (150 × 4.60 mm; 5 µ); the flow rate of the mobile phase A (water) was set at 0.8 ml/min and that of the mobile phase B (methanol) was set at 0.2 ml/min. The total runtime was 10 minutes. HPLC grade methanol was obtained by Sigma-Aldrich. HPLC grade water was prepared using a Millipore (0.22 µm) system. A standard solution of ketoprofen 3 mM in a simulated body fluid (SBF) was prepared and the samples were taken at the end of the release from the materials. The nature of SiO 2 gel, poly-ε-caprolactone (PCL) and PCL/SiO 2 hybrid materials were ascertained by X-ray diffraction (XRD) analysis using a Philips diffractometer. The presence of hydrogen bonds between organic-inorganic components of the hybrid materials was ascertained by FTIR analysis. Fourier transform infrared (FTIR) transmittance spectra were recorded in the 400-4000 cm -1 region using a Prestige 21 Shimatdzu system, equipped with a DTGS KBr (Deuterated Tryglycine Sulphate with potassium bromide windows) detector, with resolution of 2 cm -1 (45 scans). KBr pelletized disks containing 2 mg of sample and 200 mg KBr were made. The FTIR spectra were elaborated by IR solution software. The microstructure of the synthesized gels was studied by a scanning electron microscopy (SEM) Cambridge model S-240 on samples previously coated with a thin Au film and by a Digital Instruments Multimode atomic force microscopy (AFM) in contact mode in air.
Study of in vitro bioactivity
In order to study their bioactivity, samples of the studied hybrid materials were soaked in a simulated body fluid (SBF) with ion concentrations nearly equal to those of the human blood plasma, as reported elsewhere and shown in Tab. 5 (Hench & Clark, 1978; Ohtsuki et al., 1992; Paul, 1992) . During soaking, the temperature was kept fixed at 37°C. Taking into account that the ratio of the exposed surface to the volume solution influences the reaction, a constant ratio of 50 mm 2 ml -1 of solution was respected (Hutmacher et al., 2001 ).
Ions concentration (mM) Ion
Human blood plasma SBF Na Table 5 . Simulated body fluid (SBF) ionic concentration (mM).
It was shown that SBF reproduces in vivo bonelike apatite formation on bioactive glass and ceramic (Hench, 1991) . In vitro studies using SBF have suggested that bioactive glass and glass-ceramics form bonelike apatite on their surface (see Fig. 9 ) by providing surface functional groups of silanol (Si-OH), which are effective for apatite nucleation. These groups combine with Ca 2+ ions present in the fluid imposing an increase of positive charge on the surface. In addition, Ca 2+ ions combine with the negative charge of the phosphate ions to form amorphous phosphate, which spontaneously transforms into hydroxyl-apatite [Ca 10 (PO 4 ) 6 (OH) 2 ] where the atomic ratio Ca/P is 1.60 (Ohtsuki et al., 1992) . The SBF is already supersaturated with respect to the apatite under normal conditions. Once the apatite nuclei are formed, they can grow spontaneously by consuming the calcium and phosphate ions from the surrounding body fluid. It is known from literature (Hench, 1991; Ohtsuki et al., 1992) that CaO, SiO 2 -based glasses, CaO, P 2 O 5 -based glasses, sodium silicate glasses are more bioactive then ion free glass and ceramic. That is due to the dissolution of appreciable amounts of calcium and phosphate ions, which increase the degree of supersaturation of the surrounding body fluid with respect to the apatite. Moreover, the released ions are exchanged with H 3 O + ions in SBF forming silanol groups on their surface; this reaction causes a pH increase of SBF solution and, consequently, Si-OH groups are dissociated into negatively charged units Si-O -that interacts with the positively charged calcium ions to form the calcium silicate. Fig. 9 . Apatite layer on SiO 2 /PCL surface.
Study of in-vitro release
For the study of drug release, the discs of the investigated material were soaked in 15 ml of SBF, continuously stirred, at 37°C. The SBF was previously filtered with a Millipore (0.22 µm) system, to avoid any bacterial contamination. Drug release measurements were carried out by means of UV-VIS spectroscopy. Absorbance values were taken at a wavelength λ corresponding to an absorbance maximum value. The calibration curve was determined by taking absorbance versus drug concentration between 0 and 3 mM as parameters. For that interval the calibration curve fits the Lambert and Beers' law (Wang & Pantano, 1992) :
where A is the absorbance and C is the concentration (mM).
Characterization
Sol-gel characterization
Gelification is the result of hydrolysis and condensation reactions according to the following reactions:
Reaction 12 shows the formation of hydrogen bonds between the carbossilic group of organic polymer and the hydroxyl group of inorganic matrix.
The nature and the microstructure of the hybrid materials have been studied by X-ray diffraction (XRD), scanning electron microscopy (SEM) and atomic force microscopy (AFM). The diffractograms in Fig. 11a show that SiO 2 gel exhibits the broad humps which are characteristic for amorphous materials, while the sharp peaks that can be detected on the
diffractogram of poly-ε-caprolactone and ketoprofen are typical of crystalline materials (Fig.  11b and 11c) . On the other hand the XRD spectrum of hybrid SiO 2 /PCL exhibits the broad humps characteristic of amorphous materials (Fig. 11d) , as well that of SiO 2 gel. 
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SEM micrographs show that no appreciable difference can be observed between the morphology of the four amorphous materials. The samples appear as shown in Fig. 12 .
The degree of mixing of the organic-inorganic components, i. e. the phase homogeneity, has been ascertained by applying the atomic force microscopy (AFM) in the analysis of the solgel hybrid material. The AFM contact mode image can be measured in the height mode or in the force mode. Force images (z range in nN) have the advantage that they appear sharper and richer in contrast and that the contours of the nanostructure elements are clearer. In contrast, height images (z range in nm) show a more exact reproduction of the height itself. In this work the height mode has been adopted to evaluate the homogeneity degree of the hybrid materials. 
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The AFM topographic images of SiO 2 and SiO 2 /PCL (0, 6, 12, 50 wt%) gel samples are shown in Figs. 13 and 14 . It can be observed that the average domain size is less than 130 nm. This result confirms that the synthesized PCL/SiO 2 gels can be considered organicinorganic hybrid materials as suggested by literature data (Hench & Clark, 1978) . 
Biological characterisation
The hybrid materials were soaked in SBF, as indicated by Ohtsuki et al. (1992) , for in vitro bioactivity tests. The FTIR spectra after several exposures to SBF, 7, 14 and 21 days are shown in Fig. 15b, 15c and 15d . Evidence of the formation of an hydroxyapatite layer is given by the appearance of the 1116 and 1035 cm -1 bands, usually assigned to P-O stretching (Teoli et al., 2006) and of the 580 cm -1 band usually assigned to the P-O bending mode (Teoli et al., 2006) . The splitting, already after a 7 day soaking, of the 580 cm -1 band into two others at 610 and 570 cm -1 can be attributed to formation of crystalline hydroxyapatite (Ohtsuki et al.) . Finally the band at 800 cm -1 can be assigned to the Si-O-Si band vibration between two adjacent tetrahedral, characteristic of silica gel (Teoli et al., 2006) . These considerations support the hypothesis that a surface layer of silica gel forms as supposed in the mechanism proposed in the literature for hydroxyapatite deposition (Allen et al., 2000; Khor et al., 2002) . Moreover an evaluation of the morphology of the apatite deposition and a qualitative elemental analysis were also carried out by electron microscopy observations on pelletized discs previously coated with a thin Au film. The EDS reported in Tab. 5 confirm that the surface layer observed in the SEM micrographs (Fig. 16) Fig. 15 . FTIR spectra of SiO 2 /PCL gel samples after different times of exposure to SBF: (a) not exposed; (b) 7 days exposed;(c) 14 days exposed; (d) 21 days exposed. Fig. 16 . SEM micrograph of SiO 2 /PCL gel after being exposed to SBF 21 days.
Release kinetic characterization
Kinetic measurements of release from the studied materials were carried out in 15 ml of SBF incubated at 37±0.1°C and under continuous magnetic stirring at 150 rpm. Sink conditions were maintained throughout all studies. The discs used were obtained with particle size between 63-125µm compressed at 3 tons and aliquots of 600 µl were withdrawn at 1 h interval and replaced with an equal volume of release medium pre-equilibrated to temperature. Release was essayed by measuring the photometrical absorbance at 259.5 nm.
In order to establish the relationship between the UV absorbance of at λ = 259.5 nm and the concentration of the solutions a calibration curve (r 2 =0.9907) was drawn for a standard solution with 4 levels of concentration: 0.0 mM, 1.0 mM, 2.0 mM and 3.0 mM (Fig. 17) . All the standard solutions were prepared in SBF. Fig. 18a, 19a, 20a and 18b, 19b, 20b show the drug release rates expressed as a percentage of the drug delivered, related to the drug-loading value, as a function of time. It was observed that from the SiO 2 +PCL (0, 6, 12, 50 wt%)+ ketoprofen 5wt% gels about 60wt% of the drug was released in a relatively fast manner during the initial 2 hrs and it seems to be completed within 7 hrs without any evident difference in the time of release. For the SiO 2 +PCL(0, 6, 12, 50 wt%)+ ketoprofen 10 and 15wt % gels about 60wt% of the drug was released during the initial 1 hr and 0,5 hr respectively and it is complete in about 3 hr and 4 hr respectively. The differences observed in the release behaviour between SiO 2 + PCL (0, 6, 12, and 50 wt%) + ketoprofen might be due to the different networks of the four gels that are determined by the different content percentage of PCL. The two stage release observed in all cases suggests that the initial stage of release occurs mainly by dissolution and diffusion of the drug entrapped close to or at the surface of the samples. The second and slower release stage involves the diffusion of the drug entrapped within the inner part of the clusters. An interesting observation is the general presence of an early lag period, which indicates the need for the penetration of the solvent into the structure. Fig. 18b, 19b and 20b show this particular kinetic describing the changes of the release speed during the two stages. 
Applications
Applications for sol-gel processing derive from the various special shapes obtained directly from the gel state (e.g. monoliths, films, fibers, and monisized powders) combined with composition and microstructural control and low processing temperatures. Compared to conventional sources of ceramic raw materials, often minerals dug from the earth, synthetic chemical precursors are a uniform and reproducible source of raw materials than can be made extremely pure through various synthetic means. Low processing temperatures, which result from microstructural control (e.g. high surface areas and small pore sizes), expand glass-forming regions by avoiding crystallization or phase separation, making new materials available to the technologist. The advantages of the sol-gel process (for preparing glass) are shown in Tab. 6 (Brinker & Scherer 1990) . The disadvantages of sol-gel processing include the cost of the raw materials, shrinkage that accompanies drying and sintering, and processing time, as it is shown in Tab 7. Table 7 . Some disadvantages of the Sol-Gel Methods There are books (Klein, 1988 ) and a number of review papers (Dislich, 1986; Johnson, 1985; Klein & Garvey, 1982; Mackenzie, 1988; Uhlmann et al., 1984; Ulrich, 1988a) which discuss this topic in detail and whose primary purpose is to provide a source of references to current technology, and at the same time to analyze critical issues associated with the various classes of applications that must be addressed in order to advance the sol-gel technology; for example, a short outline can be as follows: 1. Thin films and coatings, which can be applied to optical, electronic, protective, and porous thin films or coatings. That represents the earliest commercial application of solgel technology. 2. Monoliths, i.e. applications for cast bulk shapes dried without cracking in such areas as optical components, transparent superinsulation, and ultralow-expansion glasses. 3. Powders, which can be used as ceramic precursors or abrasive grains and applications of dense or hollow ceramic or glass spheres. 4. Fibers, which are drawn directly from viscous sols and are used primarily for reinforcement or fabrication of refractory textiles.
5. Gels can also be used as matrices for fiber-, whisker-, or particle-reinforced composites and as host for organic, ceramic, or metallic phases. 6. Porous Gel; many applications exist which result from the ability to tailor the porosity of thin free-standing membranes, as well as bulk xerogels or aerogels. In recent years interest in bioactive and biocompatibility of surface-active, biomaterials has grown. Biomaterials have been used extensively in medical, personal care and food applications, with many similar polymers being used across disciplines. This perspective will emphasize hybrid materials used in medicine and specifically those designed as scaffolds for use in tissue engineering and regenerative medicine. The areas of active research in tissue engineering include: biomaterials design (incorporation of the appropriate chemical, physical, and mechanical/structural properties to guide cell and tissue organization); cell/scaffold integration (inclusion into the biomaterial scaffold of either cells for transplantation or biomolecules to attract cells, including stem cells, from the host to promote integration with the tissue after implantation); and biomolecule delivery (inclusion of growth factors and/or small molecules or peptides that promote cell survival and tissue regeneration). While a significant and growing area of regenerative medicine involves the stimulation of endogenous stem cells, this perspective will emphasize hybrid materials scaffolds used for delivery of cells and biomolecules. The challenges and solutions pursued in designing polymeric biomaterial scaffolds with the appropriate 3-dimensional structure are curently studied. Ceramics and hybrid dioxide-based materials for the repairing of muscle-skeletal tissues are being increasingly applied over the last half century (Hench, 1991; Li, et al., 1996) . Orthopaedic and maxillo-facial prosthesis provide evidence for the enhanced biomechanical performance of titanium and its alloys among metallic prosthetic components (Kitsugi et al., 1996) . TiO 2 -based bioactive ceramic suggests that bone grafting is achieved by supporting the precipitation of calcium (Ca) and phosphorus (P) into a structure similar to the mineral phase of bone. Accordingly, titanium is very promising to develop biomedical materials and devices designed as hard tissue substitutes with improved interface properties (Coreno & Coreno, et al. 2005; Hench, 1991; Li, et al., 1996; Kitsugi et al., 1996) .
Conclusions
Sol-gel processing has attracted much attention, for the possibility that the method offers to new materials. We define sol-gel rather broadly as the preparation of glass, glass-ceramic and hybrid materials by a sol, its gelation and removal of the solvent. The sol-gel chemistry is based on the hydrolysis and polycondensation of molecular precursors such as metal alkoxides M(OR)x, where M = Si, Sn, Ti, Zr, Al, Mo, V, W, Ce and so forth. There are many potential applications of sol-gel derived materials in the form of films, fibers, monoliths, powders, composites, and porous media. The most successful applications are those that utilize the potential advantages of sol-gel processing such as purity, homogeneity, and controlled porosity combined with the ability to form shaped objects at low temperatures, avoiding inherent disadvantages such as costs of raw materials, slow processing times, and high shrinkage. The SiO 2 + PCL (0, 6, 12 and 50 %wt) materials, prepared via sol-gel process, were found to be organic -inorganic hybrid materials. The polymer (PCL) can be incorporated into the network by hydrogen bonds between the carboxylic groups of organic polymer and the hydroxyl groups of inorganic matrix. The release kinetics demonstrates that the investigated
